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Abstract. As the food industry is interested to recuperate the valuable waste such as beer yeast 
(Saccharomyces cervisiae) and grape seed (Vitis vinifera), both with high nutritional and health 
promotion effects, new products and processes are expected to be released on the market. The new 
modern drying technologies used to process natural compounds and extracts aim a protected 
evaporation under controlled temperatures and immobilization on matrices, in order to keep high 
concentrations of bioactive compound in the final products. One of the most important technological 
parameter during the drying process is the Inlet and Outlet Temperature Using Spray Drying (SD) and 
Fluid Bed Drying (FBD) optimized technologies we obtained beer yeast (BY) and the grape seed 
extract (GSE) solid forms, demonstrating that functionality is well preserved (by determination of 
vitamins B and phenolics, respectively) in the final products comparing with the initial, genuine 
extracts. 
Beer yeast and grape seed concentrated forms (stabilized powders and granulated formulas) 
have emerging consequences in this context and attract the modern consumer for their positive action 
on health. 
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INTRODUCTION 
The spray-drying (SD) method has been widely used because of its many advantages, 
including the fact that it is an advanced system to evaporated liquid samples (suspensions or 
solutions) and it can be scaled up to tons of quantities and depending on the energy 
consmption, can be cost-effective. (F. Iskandar, et al.,2003, K. Okuyama, I.W. Lenggoro et 
al.,2003, H.M. Wu, J.P. Tu, Y.F. Yuan, Y. Li et al., 2005). Spray drying involves the 
atomization of a liquid feedstock into a spray of droplets and contacting the droplets with hot 
air in a drying chamber. The sprays are produced by either rotary (wheel) or nozzle atomizers. 
Evaporation of moisture from the droplets and formation of dry particles proceed under 
controlled temperature and airflow conditions. Operating conditions and dryer design are 
selected according to the drying characteristics of the product and powder specification. Spray 
drying is extensively used for plant extracts and was reported as an appropriate preservation 
method for yeast and other microorganisms (Kim & Bhowmik, 1990; Labuza, Le Roux, Fan, 
& Tannenbaum, 1970; Wan-Yin, Shing-Yi, & Mark, 1994). The effect of spray drying 
process variables over final moisture and biological or biochemical activity of dehydrated 
products was also amended (Labuza et al., 1970; Luybe, Liou, & Bruin, 1982; Ramı´rez, 
Salgado, Rodrı´guez, & Garcı´a, 1998; Re´, 1998). 
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Fluidized bed dryer is a low-cost drying system. Fluidized bed drying (FBD) has 
found to be useful in many practical applications like: obtaining granular solids in the food, 
ceramic, pharmaceutical and agriculture industries. FBD is easy to implement and has many 
advantages (Mujumdar & Devahastin, 2000) such as high drying rates due to good gas-
particle contact, leading to optimal heat and mass transfer rates, smaller flow area than SD, 
high thermal efficiency, lower capital and maintenance costs and easy control. Some of the 
food products suitable for FBD include peas, beans, fruits granules, onion flakes and fruit 
juice powders (Jayaraman & Das Gupta, 1995). FBD is ideal for a wide range of both heat 
sensitive and non-heat sensitive products. Fluidized bed granulation is a process for the 
conversion of liquid products, e.g. suspensions, solutions or melts, into granular solids.  
Brewer's yeast, known as Saccharomyces cervisiae, is used not only to ferment malt 
for beer but also as a nutritional supplement in an inactive form. In Korea, nearly 6000 tons of 
dried yeast were produced from three main beer manufacturers in 1996 (AFLN, 1997). The 
role of yeasts in food and beverage production extends beyond the well known bread, beer 
and wine fermentations. The yeast waste resulted from beer secondary fermentation, being an 
industrial waste, is currently utilized as a protein source for animal feed and also as nutritional 
supplement after drying because of high protein level (45±60%), lipids (phospholipids and 
sterols), RNA, vitamins, and minerals (chromium, magnesium), and is generally recognized 
as safe (GRAS) for its good nutritional characteristics (York and Ingram, 1996).. Yeast has 
been used as a flavoring agent in soup, sauces, gravies, stews, snack food and canned food.  
The impact of yeasts on the production, quality and safety of foods and beverages is 
intimately linked to their ecology and biological activities. On the positive side, there is 
increasing interest in using yeasts as novel probiotic and biocontrol agents, and for the 
nutrient fortification of foods. On the negative side, food-associated yeasts could be an under-
estimated source of infections and other adverse health responses in humans (Boekhout T, 
Robert V,2003, Blackburn Querol A, Fleet GH, 2006). Brewer’s yeast, which has a very bitter 
taste, is recovered after being used in the beer-brewing process. Brewer's yeast is extremely 
nutritionally rich, and contains protein, amino acids, vitamins, and minerals which can keep 
consumers healthy. Many folk remedies for poor skin include brewer's yeast, and some 
studies have suggested that consuming brewer's yeast can accelerate the healing time for cuts 
and similar injuries.( Bassetti S, Frei R, Zimmerli W. Fungemia 1998.) 
Grape seed are known to contain high levels of polyphenolic compounds, especially 
flavan-3-ols, such as catechins and procyanins, having beneficial health effects (Osman HE, 
Reed JD, Folts JD ,2000, Freedman JE, Parker III C ,2001, Keevil JG, Pataki T, Bak I et. al., 
2002, Laurent C, Besancon P, Auger C, Rouanet JM, Caporiccio B , 2004). Grape seed 
procyanidins have been demonstrated to exert a plethora of beneficial health effects including 
chemoprotective properties against oxygen free radicals and oxidative stress (Bagchi D, Sen 
CK, Ray SD, Das DK, Bagchi M, Preuss HG, et al. , 2003, Faria A, Calhau C, de Freitas V, 
Mateus N. 2006) , as well as being antiproliferative (Matito C, Mastorakou F, Centelles JJ, 
Torres JL, Cascante M. , 2003, Veluri R, Singh RP, Liu Z, Thompson JA, Agarwal R, 
Agarwal C., 2006 ), antiinflammatory (Delmas D, Jannin B, Latruffe N. Resveratrol, 2005, 
Castilla P, Echarri R, Davalos A, Cerrato F, Ortega H, Teruel JL, et al., 2006), and 
cardioprotective (Cui J, Juhasz B, Tosaki A, Maulik N, Das DK, 2002, Zern TL, Fernandez 
ML ,2005,). Today, health care professionals use standardized extracts of grape seed to treat a 
range of health problems related to free radical damage, including blood sugar regulation 
problems, heart disease, and cancer. Persons at risk for heart attack or stroke have also sought 
protection from cardiovascular disease by using grape seed extracts. (Winston J. Craig, 2009). 
The standardized grape seed extract (GSE) spray drying protocols, different depending 
on the producer (http://www.tradekey.com/ks-grape-seed-extract).  
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We aimed the concomitant valorization of the beer yeast waste and the grape seed water 
extract using Spray Drying (SD) and Fluid Bed Drying (FBD) technologies, in order to obtain 
a new value-added product, with important applications in nutrition and health. 
 
MATERIALS AND METHODS 
Materials 
The Beer Yeast (Sacharomices cerevisiae) waste suspension (sample 1) from the second 
fermentation of beer was provided by URSUS Brewery-Cluj, After decantation and hunk 
filtration, and three successive washings with distilled water (DW), the yeast deposit cream 
(BY) after filtation ( on horizontal tile filter) was checked for water content and alcohol 
concentration, obtaining mean values of 15% Dry Matter (DM) and 0,01% alcohol traces. 
The grape seed 15% watery extract (GSE) was produced by PROPLANTA- Biotechnology 
Research Center-Cluj using a batch of red grape seeds provided from Aroma Star S.A-Blaj. 
GSE was stabilized with aspirin (acetyl acetic acid) 0,2% as preservative. The dry matter 
determined for GSE was 1,5% DM.  
As matrix for drying we used Glucidex-Maltodextrine IT12-334210114A, Arabic and 
silica dioxide all from CWBI-Liege –Belgium. 
Technological protocols  
We atomized both BY and GSE extracts in CWBI-Liege, using NIRO VERSATILE 
UTILITY Spray Dryer, Model V, 316. We first made a dilution 1:1 (BY- DW) ( sample 2), 
which was differently  processed, as 5 samples (denominated nr.3-7) of diluted beer yeast 
(BY), tested at different temperature values of the Inlet(IT) and Outlet Temperature(OT). The 
technological parameters used are presented in Table 1. 
Table 1.  
The technological parameters used to obtain the atomized BY samples from sample 2.  
Sample no. Sample 
Quantity 
(l) 
IT  
(C º) 
OT  
(C º)  
Atomization 
time 
(minutes) 
FPQ=(Q.CC+Q.R) 
(g) 
DM 
% 
 
3 4 160 65 17 215 94 
4 4 160 55 19 290 90 
5 2 160 75 15 125 94.6 
6 3.5 120 75 53 270 95.8 
7 3.5 110 60 25 260 93.4 
Q.CC- Quantity in the Collector Container , Q.R- Residual quantity 
The resultant powder was blowed through the cyclone separator and collected in a 
container. Exhaust air was extracted out of the cyclone by a vacuum pump and filtered by a 
fiber filter.  
Next we have chosen 2 samples (4 and 7) for a second drying process using a Fluid 
Bed Dryer (NIRO AEROMATIC AG system) including a Feed Peristaltic pump, with 
silicone tube, internal Ø 6 mm, Spray system Air borne spray gun, nozzle Ø 1.2 mm, sample 
no.7 (DM%=93.4) and sample no.4 (DM%=90%). The temperature parameters used were IT 
=60º C and the OT from 16-28 ºC. Sample no 7 was fluidized for 23 minutes and sample no.2 
for 16 minutes until both reached the OT of 28 C º. 
We obtained an increase of DM values from 93.4% to 95.5% for sample no.7 (now sample no 
8) and from 90% to 95.4% for sample no.4 (now sample no. 9) 
  For the grape seed extract (GSE) atomization we added separately two polymers: 
Glucidex-Maltodextrine IT12-334210114A (GM) and Arabic gum (AG), in order to increase 
its DM% and to facilitate the drying process. We used the same technological parameters for 
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comparing better the possible differences. The different ratios polymer-GSE (samples A-C) 
and the processing parameters are presented in Table 2.  
Table 2  
The quantities used for the Polymer and GSE submitted to atomization and the final dry 
matter (FDM). 
Sample  Sample content 
 IT  
(C º) 
OT  
(C º) 
Atomization time 
(minutes FDM%  
 
A 2000g GSE +30 g GM 180-183 90-92 15 89.5 
B 2000g GSE +30 g AG 180-183 90-92 15 90 
C 25000 GSE+360g GM 180-183 90-92 210 89.6 
An aliquot of 300g of Sample C was dried again by FBD technology, after a preliminary 
preparation: 100 ml solution C containing 15% Arabic Gum (AG) was heated at 45 C º it order 
to avoid agglomeration and to solve faster, adding 5 g of Silica Dioxide. We sieved and we 
placed the solution in a container, from where it was pumped and injected continuously. We 
started the injection at OT 26-28 C º. The total injection time was 13,72 min. with a flow of 
0,46l/hour and OT increased gradually to 38 C º ,  to evaporate water and to dry the powder 
particles. 
Analysis 
The BY raw and final samples (presented in table 1) were analyzed (HPLC analysis of 
the vitamins B and phenolic derivatives in the BY according to specific methods optimised in 
our laboratory (Socaciu et al., 2006, Parlog et al., 2008), after a preliminary  alkaline 
hydrolysis. The hydrolysis was done in sodium hydroxide (NaOH) 1N for 1 hour at 50 ºC and 
then the pH was adjusted to 6.8 using HCl 1N. Before HPLC injection, the samples were 
centrifuged and then filtered through Teknokroma syringe filters (0.2µm). The High 
Performance Liquid Chromatography (HPLC, Szimatsu) coupled with a Photo Diode Array 
(PDA) detector was applied. The identification of resolved peaks in all samples were made by 
comparing their spectra with those derived from standard solutions ( of vitamins B2, B3, B6 
and B12). Experimental conditions: column Ultra Aqueous C18 (250×4.6 mm, 5 m), mobile 
phases: Solvent A - 0.05 M CH3COONH4/ CH3OH (99/1), solvent B - H2O/ CH3OH (50/50) 
in a gradient, Temperature: 250 C, Detection:  UV at λ = 260 nm , Injected volum: 20 µl, Analize 
time: 27 minutes, Flow: 0.8ml/min, as presented elsewhere ( Parlog, 2008). 
For the phenolic acid HPLC analysis, 0,4 g of each BY sample was extracted in 4 ml acidic 
methanol. The samples were analyzed by HPLC- UV Vis (Agilent 1200) and the HPLC 
protocol of phenolics separation was: 5µm Supelcosil LC18 column (250x4,6 mm) using a 
gradient A (methanol: acetic acid: water 10:2:88) and B (methanol: acetic acid: water 90:3:7) 
for 55 min, registered at λ =280 nm (Socaciu 2007). In parallel, standards of phenolics 
(galocatechin (GC), epigalocatechingalate (EGCG), chlorogenic acid and caffeic acid) were 
run in the same conditions (Preda et al., 2006)  
The the grape seed extract (GSE) (initial and atomised) was extracted in acidic methanol ( 0,1 
g powder extracted with 3 ml methanol 95%+1% HCl conc.), then sonicated and filtered 
through Teknokroma syringe filters (0.45 µm).The HPLC analysis of phenolic derivatives in 
these extracts were performed with the same protocol as for BY. 
FT-IR spectra were also collected on a Prestige-Shimatsu spectrometer with ATR 
detector . The absorption spectra were registered between 400 to 4000 cm-1 (data not shown). 
 
RESULTS AND DISCUSSION 
1. Analysis of BY samples 
Considering that vitamins B are mostly included in vitamers (complexes with proteins) 
it was necessary to make acidic or alkaline hydrolysis. Comparing with the acidic hydolysis, 
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the alkaline hydrolysis gave reliable data, the vitamin identification being based on their 
spectrum maximum absorption, on their retention time (compared with standards) (table 3). 
By co-chromatography of samples with pure standards confirmed only the presence of 
vitamin B3 known to be a major component. Regarding the other vitamins we found 
differences between their spectrum and the vitamin standard spectrum, so we need a 
confirmation a supplementary MS confirmation. 
Table 3 
The HPLC chromatograms of all BY samples (according to the sample number and details 
presented in Table 1). 
 
The atomization efficiency was demonstrated by comparison of different  HPLC fingerprints 
of different yeast samples processed under different conditions, as mentioned previously, as 
presented in Fig.1 A and L. 
Fig.1 A and L.  
Comparisons between HPLC Chromatograms of BY samples in different conditions. 
Sample 1 was the Initial BY suspension before atomization and sample 2 the Initial BY 
suspension (diluted 1:1) before atomization 
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Table 4 shows the retention times specific to each vitamin B, according to the HPLC 
of the standards (5 vitamins). 
Table 4.  
The retention times (Rt, min) specific to different vitamins B, as determined from a standard 
mixture HPLC separation.  
 
Signal Rt 
min. 
Standard 
Vitamin  
1 7.11 Vitamin B3 
2 14.29 Vitamin B6 
3 16.85 Folic acid 
4 22.02 Vitamin B12 
5 24.17 Vitamin B2 
 
According to the retention times, in all BY samples were identified all these vitamins 
(marked from 1 to 5 in HPLC chromatograms). In Fig.1A it is shown the differences between 
samples 1 and 2 (diluted 2 times). The area ratio was around 2:1 for each of peaks 1 to 5, 
demonstrating the reliability of the HPLC method. One can see in Fig.1L that all processed 
samples had higher content of vitamins B, showing the efficacy of the drying systems. To 
rank their effect on vitamin preservation, we compared the Vitamins B peak areas from HPLC 
chromatograms (data not shown). So, sample 3 and 4 had similar concentrations but sample 5 
was superior and had equal concentrations to samples 6 and 7. Samples 8 and 9 were more 
concentrated in vitamins, the last one having the highest concentration. Vitamin B6 was the 
most abundant vitamin in all samples, followed by vitamins B12 and B2. 
We can summarize that the spray-drying procedures applied at lower temperature 
parameters (IT =60º C and OT = 60-75 ºC) gave products (samples 6 and 7) with higher 
concentrations of vitamins B. Moreover, the FBD improved the concentrations by stabilizing 
the bioactive compounds from beer yeast.  
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2. Analysis of GSE samples 
Figure 2 shows the GSE samples A, B, C ( presented in Table 2) chromatograms 
together with the standard chromatogram of the phenolic compounds. 
Figure 2 
 
HPLC -chromatograms of GSE samples 
 
STANDARD chromatogram of the phenolic compounds (λ =280 nm) 
 
 
GSE in water 
 
Sample A 
 
 
Sample B 
In order to identify the main phenolics, the GSE sample (A,B,C ) chromatograms, 
measured at (λ =280 nm) were compared with standards chromatograms (STANDARD) for 8 
phenolic compounds (their retention times presented in table 5). 
By comparisons between the Rt values, we determined the main phenolic compounds in GSE 
samples.  
Table 5 
The phenolic compounds identified in the grape sees extract , according to the HPLC 
chromatograms (Fig.2.A-B.) 
Nr. peak Name of phenolic compound  Retention time ( Rt ) 
1. Galic acid 4,670 
2 Galocatechina 5,392 
3. Protocatecuic acid 7,198 
4. Catechina 9,189 
5. Epigalocatechina 9,732 
6. Clorogenic acid 12,442 
7. Caffeic acid 13,591 
8. Acetylsalicylic acid (internal standard, added as preservative) 19,686 
 
In all samples we identified as major component, Gallic acid, Protocatecuic and Caffeic acid. 
No visible changes in the samples pattern was observed. 
 The FTIR spectrometric analyzes shows the product fingerprint of these samples (Fig.3).  
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Figure 3 
FTIR spectroscopic fingerprint of the Grape Seed Extract samples in water and sample A, B 
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Table 6 contains the main frequencies of FTIR spectra, which are useful for the identification 
of quality markers. 
Table 6 
The specific fervency value that gives the FTIR fingerprint of the analyzed samples  
Sample Signal no. Signal frequency 
(nm) 
Signal intensity (a.u.) Identification of specific 
vibrations 
1 1043 0,447 
2 1105 0,361 
3 1375 0,324 
4 1593 0,423 
Specific fingerprint of 
phenolics 
5 2358 0,220 CO2 
6 2879 0,191 -CH2-streching 
 
 
Grape seed extract in water with 
aspirin* 
7* 3138-3255* 0,249-0,262* OH strech (H2O) 
1 1031 0,514 C-OH glucose 
2 1219 0,381 C-O ester 
3 1409 0,286 -CH2-bending 
4 1732 0,409 Ester bonds 
5 2358 0,231 CO2 
6 2881 0,249 -CH2- 
 
Grape seed extract mix with Glucidex-
Maltodextrine (solution 3% in methanol 
95%) 
A 
7* 3223-3240* 0,405-0,410* OH strech (H2O) 
1 1080 0,440 C-OH alcoholic 
2 1219 0,383 C-O ester 
3 1408 0,305 -CH2-bending 
4 1730 0,385 C-O ester 
5 2358 0,242 CO2 
6 2881 0,230 -CH2-streching 
 
Grape seed extract mix with Arabic 
Gum ( solution 3% in methanol 95%) 
B 
7* 3223-3244 0,387-0,386* OH strech (H2O) 
 
We observed in water extract of GSE specific frequencies for phenolics (1043 to 1593 cm-1), 
as a fingerprint. The powdered form dissolved in methanol showed shifted frequencies, more 
specific to the immobilization matrix ( maltodextrin and Arabic gum). Further measurements 
are necessary to find specific recognition of phenolics in powdered forms.  
 
CONCLUSIONS 
According to our objectives we can conclude that: 
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1. The beer yeast can be stabilized by spray-drying and better by fluid bed drying procedures, at lower 
temperature (60º C), keeping the high vitamins B concentrations (B6 vitamin being the most 
abundant), as demonstrated by HPLC analysis. 
2. The grape seed extract (characterized by HPLC) is a rich source of phenolics, mainly gallic acid, 
protocatecuic and caffeic acids, as well containing catechins   which increase its antioxidant action.  
3. By atomization and immobilization on maltodextrin and arabic gum, grape seed bioactive 
compounds were stabilized, as proved by FTIR investigations.  
Finally, we could demonstrate that both drying procedures are appropriate to keep the bioactive 
components of beer yeast as well of grape seed extract.  
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